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SYSTEMS AND METHODS FOR
ULTRASOUND BEAM FORMING DATA
CONTROL

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is related to co-pending and com-
monly assigned U.S. patent application Ser. No. 10/745,827,
entitled “Ultrasonic Signal Processor For A Hand Held Ultra-
sonic Diagnostic Instrument,” filed Dec. 24, 2003; and Ser.
No. 10/099,474, entitled “Balance Body Ultrasound System,”
filed Mar. 15, 2002, the disclosures of which are hereby
incorporated herein by reference.

TECHNICAL FIELD

The present invention relates generally to controlling stor-
age of and/or access to data and, more particularly, to con-
trolling storage of and/or access to ultrasound beam forming
data.

BACKGROUND OF THE INVENTION

Ultrasound systems operable to provide images using
transmission of ultrasonic energy are well known. Such sys-
tems typically employ a transducer assembly having an array
of transducers where controlled excitation of the transducers
causes an ultrasound wavefront to propagate into an adjacent
medium, e.g., a human body. The ultrasound wavefront trav-
els through the medium until reflected by an object or other
variation in density of the medium experienced by the propa-
gating wavefront. The ultrasound system uses the portion of
the reflected ultrasound energy received by the array of trans-
ducers to process an image.

Beam forming techniques (e.g., providing relative phase
and/or amplitude relationships) are typically used with
respect to the transducers of the array of transducers in order
to focus ultrasound energy when transmitting and/or receiv-
ing ultrasound energy. For example, different beam forming
parameters, setting forth the phase and/or amplitude relation-
ship for each transducer of the array of transducers to be used
in forming the image, are used for each line (or ray) of an
image frame. Additional information is generally used with
respectto each such line, such as for image mode (echo, color,
two dimensional, etcetera), image zone (focusing depth),
image resolution (number of lines, line interleaving, line
increments), and the like.

In the past, the foregoing beam forming parameters and
additional information has been provided using a simple
“brute force” technique. Specifically, a table having separate
entries for each line of each frame would be provided. The
entries for a particular line would include the beam forming
parameters and additional information associated with that
line of the frame. In forming an image frame, the ultrasound
system would step through the table entries associated with a
selected frame to obtain beam forming parameters and addi-
tional information for each line thereof. Accordingly, if a
frame consists of 512 lines, 512 entries would be provided in
the table for that frame, with each entry including all the beam
forming parameters and additional information for the appro-
priate line. Additionally, each frame would have separate line
entries for that frame, irrespective of whether any of that
information was common to another line or frame.

Use of the above tables provides a straight forward tech-
nique for beam forming data control as each frame is
expressly defined by a set of table entries. Accordingly, a new
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or different image mode, zone, or resolution may readily be
implemented by a manufacturer of the ultrasound device pro-
viding table entries defining each line of a desired image.
Moreover, providing control with respect to the beam form-
ing data and additional data is very simple as the data entries
for each line of a frame may be stepped through sequentially
using common direct memory access (DMA) techniques.

However, the foregoing suffers from several disadvan-
tages. For example, the use of separate entries for each line of
a frame as provided in the past requires a large amount of
memory to store beam forming parameters and additional
information supporting various image modes, image zones,
etcetera. Specifically, although some of the information, such
as the image mode, image zone, image resolution, etcetera,
may remain unchanged from line to line, the separate entries
for each line of a frame as implemented in the past will
discretely store such information for each line. Moreover, a
first frame, such as may be associated with a first image mode,
image zone, image resolution, etcetera, will have discrete
entries associated with each line thereof, a second frame, such
as may be associated with a second image mode, image zone,
image resolution, etcetera, will have discrete entries associ-
ated with each line thereof, and so on. Accordingly, although
some of the information, such as beam forming parameters,
may be the same as between various lines of the frames, this
information will be stored separately for each frame in which
it is used.

From the above, it can be appreciated that techniques for
beam forming data control implemented in the past require
large amounts of memory. Such large amounts of memory can
require relatively large amounts of space in an ultrasound
system, can consume relatively large amounts of power to
operate, and can generate relatively large amounts of heat to
be dissipated by the ultrasound system. Such characteristics
of large memories have typically not been an issue with
respect to ultrasound systems as such systems are typically
cart based configurations where size, power consumption,
and thermal dissipation are not critical.

BRIEF SUMMARY OF THE INVENTION

The present invention is directed to systems and methods
which efficiently control storage of and/or access to data
which includes repetitive data or data which is used by dif-
ferent modes, processes, etcetera. Where large amounts of
data is stored, techniques of the present invention may be used
to provide reduction in memory used for storage of data.
Moreover, techniques of the present invention may be used to
provide improved data transfer rates.

Embodiments of the present invention provide control for
storage of and/or access to large amounts of data used in
ultrasound system beam forming for image generation. Ultra-
sound systems for which embodiments of the present inven-
tion may be implemented provide for a variety of image
modes (e.g., B mode, color Doppler, etcetera), image zones
(e.g., selectable image depths, multiple depth imaging, etcet-
era), image resolutions (e.g., all lines, every other line, every
third line, line interleaving, etcetera), and/or the like. Infor-
mation, such as beam forming parameters and/or additional
information, may be common between various lines in a
frame, between frames of various modes, zones, resolutions,
etcetera. Embodiments of the present invention operate to
efficiently store and retrieve such data.

According to embodiments of the present invention, a hier-
archy of sequencers are used in controlling storage of and/or
access to data. For example, an embodiment utilized with
respect to an ultrasound system implements a frame



US 9,151,832 B2

3

sequencer to provide control at a frame level while an address
sequencer is implemented to provide control at a data access
level. Additional sequencers may be implemented between
the above mentioned frame sequencer and address sequencer,
such as a line sequencer to provide control at a line level, if
desired.

A frame sequencer of an embodiment of the present inven-
tion provides overall control with respect to a frame, such as
to control the image mode, the image zone, the image reso-
Iution, and the sequence of lines in the frame. Frame sequenc-
ers of embodiments of the invention provide an instruction
based model in which looping and incrementing of various
frame parameters is implemented. Frame sequencers of
embodiments of the invention utilize very little memory in
order to program the frame sequencer for operation with
respect to a particular desired image. Accordingly, frame
sequencers of embodiments of the invention facilitate a
reduction in the amount of memory utilized for beam form-
ing, such as on the order 0£200:1 to 500:1. Moreover, when an
image mode or other image aspect is changed, a frame
sequencer of embodiments of the present invention may be
reprogrammed for operation with respect to the new desired
image quickly.

An address sequencer of an embodiment of the present
invention provides control with respect to data for each line of
aframe. Address sequencers of embodiments of the invention
provide an instruction based model in which data addresses
are computed on the fly to access appropriate beam forming
parameters and/or additional information which is efficiently
stored for use in various image modes, image zones, image
resolutions, etcetera. A multi-dimensional array or arrays of
beam forming parameters and/or additional information is
accessed by address sequencers of embodiments of the inven-
tion. Address sequencers of embodiments of the present
invention provide for indirect addressing of data into such a
multi-dimensional array, rather than being restricted to direct
sequential addressing associated with the tables used in the
past. Moreover, address sequencers of embodiments of the
invention provide improved frame rates due to using less time
to move data for lines.

From the above, it can be appreciated that techniques for
beam forming data control implemented in accordance with
embodiments of the present invention reduce the amount of
memory utilized and provide improvements in data transfer
rates without requiring more powerful/faster central process-
ing units or other modifications which significantly increase
size and/or power consumption. Accordingly, embodiments
of the present invention provide benefits with respect to the
use of space in an ultrasound system, power consumption,
and heat generated by an ultrasound system. Such character-
istics are particularly desirable with respect to small or por-
table ultrasound systems, where size, power consumption,
and thermal dissipation can become critical.

The foregoing has outlined rather broadly the features and
technical advantages of the present invention in order that the
detailed description of the invention that follows may be
better understood. Additional features and advantages of the
invention will be described hereinafter which form the sub-
ject of the claims of the invention. It should be appreciated
that the conception and specific embodiment disclosed may
be readily utilized as a basis for modifying or designing other
structures for carrying out the same purposes of the present
invention. It should also be realized that such equivalent
constructions do not depart from the invention as set forth in
the appended claims. The novel features which are believed to
be characteristic of the invention, both as to its organization
and method of operation, together with further objects and
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advantages will be better understood from the following
description when considered in connection with the accom-
panying figures. It is to be expressly understood, however,
that each of the figures is provided for the purpose of illus-
tration and description only and is not intended as a definition
of the limits of the present invention.

BRIEF DESCRIPTION OF THE DRAWING

For a more complete understanding of the present inven-
tion, reference is now made to the following descriptions
taken in conjunction with the accompanying drawing, in
which:

FIG. 1 shows a block diagram of a system adapted accord-
ing to and embodiment of the present invention;

FIG. 2 shows detail with respect to and embodiment of the
memory control and memory of the system of FIG. 1;

FIG. 3 shows a flow diagram of operation of a frame
sequencer of an embodiment of the present invention; and

FIG. 4 shows a flow diagram of operation of an address
sequencer of an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Directing attention to FIG. 1, ultrasound system 100 is
shown adapted according to an embodiment of the present
invention. Ultrasound system 100 preferably operates to gen-
erate images using transmission/reception of ultrasonic
energy. Accordingly, ultrasound system 100 of the illustrated
embodiment includes various circuits for the transmission
and reception of ultrasonic energy and the processing of
signals associated therewith. Specifically, ultrasound system
100 of the illustrated embodiment includes transducer assem-
bly 110, transmit/receive circuitry 120, front-end circuitry
130, signal processing/back-end circuitry 140, memory con-
trol 150, and memory 160.

Ultrasound system 100 of a preferred embodiment com-
prises a portable or handheld ultrasound system configura-
tion. Accordingly, ultrasound system 100 may comprise a
relatively small, light weight, self contained, system for pro-
viding ultrasound imaging operation. Embodiments of ultra-
sound system 100 implement a high level of integration, such
as may be provided using application specific integrated cir-
cuits (ASICs). For example, one or more of transmit/receive
circuitry 120, front-end circuitry 130, signal processing/
back-end circuitry 140, memory control 150, and memory
160 may comprise one or more ASICs. It should be appreci-
ated that the illustrated delineation between circuitry is for
reference to the illustrated embodiment and is not a limitation
of the concepts of the present invention. For example, front-
end circuitry 130 and memory control 150 may comprise a
single ASIC, aspects of signal processing/back-end circuitry
140 may be provided on separate ASICs, etcetera, if desired.

Detail with respect to configurations of memory control
150 and memory 160 according to embodiments of the inven-
tion, as well as interaction of memory control 150 and
memory 160 with other circuitry of ultrasound system 100, is
provided herein. Transducer assembly 110, transmit/receive
circuitry 120, front-end circuitry 130, and signal processing/
back-end circuitry 140 operate in a substantially conventional
manner and, therefore, their operation will not be described in
complete detail herein, except where such detail is particu-
larly useful in understanding concepts of the present inven-
tion as incorporated in embodiments of memory control 150
and memory 160. Additional detail with respect to ultrasound
systems, or circuitry thereof, as may be adapted according to
embodiments of the present invention is shown in U.S. Pat.
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No. 5,722,412, entitled “Hand Held Ultrasonic Diagnostic
Instrument,” U.S. Pat. No. 5,817,024, entitled “Hand Held
Ultrasonic Diagnostic Instrument with Digital Beamformer,”
U.S. Pat. No. 6,135,961, entitled “Ultrasonic Signal Proces-
sor for a Hand Held Ultrasonic Diagnostic Instrument,” U.S.
Pat. No. 6,203,498, entitled “Ultrasonic Imaging Device with
Integral Display, U.S. Pat. No. 6,383,139, entitled “Ultra-
sonic Signal Processor for Power Doppler Imaging in a Hand
Held Ultrasonic Diagnostic Instrument,” U.S. Pat. No. 6,416,
475, entitled “Ultrasonic Signal Processor for a Hand Held
Ultrasonic Diagnostic Instrument,” U.S. Pat. No. 6,447,451,
entitled “Mobile Ultrasound Diagnostic Instrument and
Docking Stand,” U.S. Pat. No. 6,471,651, entitled “Low
Power Portable Ultrasonic Diagnostic Instrument,” and U.S.
Pat. No. 6,575,908, entitled “Balance Body Ultrasound Sys-
tem,” the disclosures of which are incorporated herein by
reference.

Transducer assembly 110, having an array of transducers
111a-111p, is shown coupled to wave form generator 131 of
front-end circuitry 130 via transmit amplifiers 121a-121»z and
duplexers 123a-123r of transmit receive circuitry 120.
Accordingly, transducers of transducer assembly 110 may be
excited by a wave form provided by wave form generator 131.
Controlled excitation of transducers 111a4-111% to cause an
ultrasound wavefront focused in a particular direction and/or
to a particular depth (e.g., transmit beam forming) to propa-
gate into an adjacent medium, e.g., a human body, is provided
according to the illustrated embodiment by memory control
150 accessing appropriate beam forming parameters and
additional information from memory 160 and providing the
foregoing to front-end circuitry 130. For example, memory
control 150 may provide beam forming parameters and addi-
tional information, such as image mode, image zone, and/or
image resolution, to transmit and timing control circuit 134 in
order to control appropriate ones of duplexers 1234-123# to
allow a wave form from wave form generator 131 to excite
selected ones of the transducers and/or to control appropriate
ones of transmit amplifiers 121a-121# to attenuate/amplify a
wave form signal as provided to corresponding ones of the
transducers. The ultrasound wavefront produced by trans-
ducer assembly 110 may thus be focused in a particular direc-
tion, to a particular depth, etcetera and will travel through the
medium until reflected by an object or other variation in
density of the medium experienced by the propagating wave-
front.

Transducer assembly 110 is further shown coupled to sig-
nal processing/back-end circuitry 140 via duplexers 123a-
123n and receive amplifiers 122a-122#n of transmit receive
circuitry 120 and delay circuit 132 and summing circuit 133
of front-end circuitry 130. Accordingly, when transducers of
transducer assembly 110 are excited by ultrasonic energy
reflected by an object or other variation in the density of the
medium, a received signal may be provided to signal process-
ing/back-end circuitry 140, such as for presenting a graphical
image, analysis, recording, etcetera. Processing and combin-
ing of signals as received by individual transducers of trans-
ducer assembly 110 in order to generate a received signal
focused with respect to a particular direction and/or a particu-
lar depth (e.g., receive beam forming) is provided according
to the illustrated embodiment by memory control 150 access-
ing appropriate beam forming parameters and additional
information from memory 160 and providing the foregoing to
front-end circuitry 130. For example, memory control 150
may provide beam forming parameters and additional infor-
mation, such as image mode, image zone, and/or image reso-
Iution, to delay circuit 132, summing circuit 133, and/or
transmit and timing control circuit 134 in order to control
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appropriate ones of duplexers 123a-123# to allow a received
signal from selected ones of the transducers to be provided to
corresponding ones of receive amplifiers 122a¢-122#, to con-
trol appropriate ones of receive amplifiers 1224-122r to
attenuate/amplify a signal as provided by corresponding ones
of the transducers, to introduce/adjust relative phase delays
with respect to the signals associated with particular trans-
ducers, and/orto sum signals associated with particular trans-
ducers into a beam formed signal. The received signal pro-
duced by transducer assembly 110 may thus be focused in a
particular direction, to a particular depth, etcetera for use by
ultrasound system 100 to process an image.

From the above, it can be appreciated that control of ultra-
sound beam forming data by memory control 150 comprises
control of different beam forming parameters, setting forth
the phase and/or amplitude relationship for each transducer of
the array of transducers to be used in forming the image, for
each line of an image frame as well as additional information
used with respect to each such line, such as for image mode
(echo, color, two dimensional, etcetera), image zone (depth),
image resolution (number of lines), and the like. Much of the
foregoing information may be used in various different
frames and/or lines. For example, frames associated with
different image modes may have one or more line formed
using the same beam forming parameters. Likewise, different
lines, whether associated with a same frame or different
frames, may use some of the same information, such as image
zone, image mode, etcetera. Accordingly, memory 160 of
embodiments of the present invention is configured to effi-
ciently store the foregoing information. Correspondingly,
memory control 150 of embodiments of the present invention
is configured to implement logic for an instruction based
model in which looping and incrementing of various frame
parameters is implemented and/or in which data addresses are
computed on the fly to access appropriate information.

Memory control 150 of embodiments may be implemented
in any number of technologies suitable for providing an
instruction based model as described herein. For example,
memory control 150 may comprise a central processing unit
(CPU) operable under control of an instruction set defining
operation as described herein. However, embodiments of the
present invention implement memory control 150 in one or
more ASIC in order to provide an implementation which uses
relatively little space, has a relatively low power draw, and/or
produces relatively little heat.

Memory 160 of embodiments may be implemented in any
number of technologies suitable for providing data storage
and access as described herein. For example, memory 160
may comprise random access memory (RAM), read only
memory (ROM), erasable programmable read only memory
(EPROM), flash memory, magnetic memory, optical
memory, and/or the like. However, embodiments of the
present invention implement memory 160 using non-volatile
memory having a relatively low power requirement, such as
EPROM or flash memory.

FIG. 2 shows detail with respect to memory control 150
and memory 160 of an embodiment of the present invention.
The embodiment of memory control 150 illustrated in FIG. 2
provides a hierarchy of sequencers for use in controlling
storage of and/or access to data. Specifically, frame sequencer
251, for providing control at a frame level, and address
sequencer 252, for providing control at a data access level, are
shown with respect to memory control 150. It should be
appreciated that additional or alternative sequencers may be
implemented according to embodiments of the present inven-
tion. For example, a line sequencer, providing control at a line
level, is disposed in the hierarchy between the above men-
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tioned frame sequencer and address sequencer according to
an embodiment of the present invention.

Frame sequencer 251 of the illustrated embodiment of
provides overall control with respect to a frame, such as to
control the image mode, the image zone, the image resolu-
tion, and the sequence of lines in the frame by implementing
looping and incrementing of various frame parameters.
Accordingly, in operation according to an embodiment of the
invention, frame sequencer 251 provides control with respect
to other sequencers (e.g., address sequencer 252) of memory
control 150 step through the lines of the frame, to implement
the proper image mode, zone, and/or resolution, etcetera. For
example, for every line of the frame, frame sequencer 251 of
a preferred embodiment provides parameters to other
sequencers of memory control 150 with respect to what line is
currently being processed, what zone is being imaged, and
what mode has been selected. Those parameters are used by
the other sequencers of memory control 150 to cause the
desired line to be processed appropriately.

FIG. 3 shows a flow diagram of operation of frame
sequencer 251 according to a simplified exemplary embodi-
ment of the present invention. The flow diagram of FIG. 3
begins at block 301 wherein after a particular frame (e.g., an
image mode, an image zone, and an image resolution) has
been selected the appropriate frame parameters are loaded by
frame sequencer 251. The foregoing frame parameters may
comprise a number of lines in the frame, a range oflines in the
frame, a beginning line for the frame aperture, an ending line
for the frame aperture, a base address for line beam forming
parameters, a line increment amount, image mode informa-
tion, image zone information, image resolution information,
and/or the like. At block 302 a line counter (L) is initialized to
provide for incrementing through the lines of the frame. Cor-
respondingly, the line counter (L) is incremented by a line
increment amount of the frame parameters at block 303.

It should be appreciated that a line counter need not be
incremented each time line information is controlled by
frame sequencer 251, according to embodiments of the inven-
tion. For example, one or more of the aforementioned frame
parameters may indicate that an image mode, such as Dop-
pler, is to be utilized with respect to one or more lines.
Accordingly, frame sequencer 251 may operate to cause mul-
tiple samples to be taken at a same line to provide desired
information, such as movement, etcetera. Additionally, such a
technique may be established as a nested loop to provide for
sampling a number of lines multiple times (whether each line
is sampled multiple lines before moving to the next, or a
sampling of a series of lines is repeated multiple times), if
desired.

At block 304, line parameters of the current line are pro-
vided to one or more other sequencers of memory control
150. Such parameters may comprise, and/or be utilized by the
other sequencers to determine, the current line, a base address
for beam forming parameters of the frame, an offset for beam
forming parameters of the current line, the image mode for
the current frame and/or line, the image zone for the current
frame and/or line, the image resolution for the current frame
and/or line, etcetera. Using the foregoing parameters, an
ultrasound pulse or pulses may be transmitted by transducer
assembly 110 having a wave front propagating in a desired
direction and/or focused to a desired depth, an echo may be
received by transducer assembly 110 during a receive win-
dow, and the resulting signals beam formed to provide one or
more line signals for producing an image and/or for other
processing by circuitry of ultrasound system 100.

Atblock 305 a determination is made as to whether the line
counter (L) has been incremented to the last line of the cur-
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rently selected frame. If the line counter (L) has not yet been
incremented to the last line of the currently selected frame,
processing returns to block 303 wherein the line counter (L)
is again incremented by the line increment amount. Accord-
ingly, a loop is established for processing each line of a
currently selected frame. If, however, the line counter (L) has
been incremented to the last line of the currently selected
frame, processing falls out of the aforementioned loop to
block 306.

At block 306 a determination is made as to whether the
frame for which processing has just completed remains
selected. For example, a user may select a different image
mode, a different image zone, etcetera, causing a different
frame to be selected for processing. If the frame remains
selected, processing returns to block 302 wherein the line
counter (L) is again initialized. Accordingly, a loop is estab-
lished for again processing the selected frame, thus providing
a series of frame updates, such as for processing moving
images. If, however, the frame does not remain selected,
processing falls out of the aforementioned loop to block 307.

At block 307 a determination is made as to whether a new
frame has been selected. If a new frame has been selected,
e.g., auser selected a different image mode, a different image
zone, etcetera, processing returns to block 301 wherein the
appropriate frame parameters are loaded by frame sequencer
251. Accordingly, a loop is established for processing difter-
ent frames. If, however, a new frame has not been selected,
processing according to the illustrated embodiment ends.

From the above, it should be appreciated that frame
sequencer 251 of the illustrated embodiment utilizes very
little memory in order to program the frame sequencer for
operation with respect to a particular desired image. More-
over, when an image mode or other image aspect is changed,
frame sequencer 251 of embodiments ofthe present invention
may be reprogrammed for operation with respect to the new
desired image quickly.

It should be appreciated that the foregoing exemplary
embodiment of operation of frame sequencer 251 has been
simplified in order to aid in the understanding of the concepts
of the present invention. Operation of a frame sequencer of
embodiments of the present invention may vary significantly
from that of the illustrated embodiment. For example, a frame
sequencer of embodiments of the present invention may
invoke nested loops for controlling lines of various imaging
modes and/or zones. According to one embodiment, a frame
sequencer may provide for lines of a first mode (e.g., B mode)
and lines of a second mode (e.g., Doppler), where an image to
be produced includes an image of one mode superimposed
upon an image of another mode, using a loop similar to that
described above with respect to blocks 303-305 for the first
mode and having a loop similar to that described above with
respect to blocks 303-305 for the second mode nested within
the first loop. When implementing such nested loops, the
frame parameters loaded by frame sequencer 251 preferably
include parameters for each such loop/mode. Likewise, line
counters, line incrementers, and/or other housekeeping func-
tions are preferably adapted to track each such loop/mode.

Address sequencer 252 of the illustrated embodiment pro-
vides control with respect to data for each line of a frame
using parameters supplied by frame sequencer 251. For
example, a preferred embodiment address sequencer 252 pro-
vides an instruction based model in which data addresses
within multi-dimensional array 261 of memory 160 are com-
puted on the fly to access appropriate beam forming param-
eters and/or additional information. Beam forming param-
eters and additional information is preferably stored
efficiently within multi-dimensional array 261 such that such
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information is available for use in various image modes,
image zones, image resolutions, etcetera without having been
discretely stored for each such image modes, image zones,
image resolutions, etcetera. For example, multi-dimensional
array 261 may store one copy of beam forming parameters for
each beam to be formed by ultrasound system 100. These
beam forming parameters are preferably organized in multi-
dimensional array 261 such that the location of beam forming
parameters and/or additional information of a desired beam
configuration are readily locatable from a reference, such as a
base address. Accordingly, address sequencer 252 of embodi-
ments of the invention provides indirect addressing of data
into multi-dimensional array 261, rather than being restricted
to direct sequential addressing associated with the tables used
in the past.

Embodiments of the invention organize data in multi-di-
mensional array 261 of memory 160 to match a register
address space of front-end circuitry 130. Accordingly, the
starting address of data in multi-dimensional array 261 may
be calculated by address sequencer 252, with data beginning
at this address being ordered to match the internal addressing
of front-end circuitry 130. Such embodiments facilitate very
efficient DMA transfers because blocks of contiguous
addresses are defined in both the source memory 160 and the
target registers of front-end circuitry 130.

FIG. 4 shows a flow diagram of operation of address
sequencer 252 according to a simplified exemplary embodi-
ment of the present invention. The flow diagram of FIG. 4
begins at block 401 wherein address sequencer 252 receives
parameters associated with the current line (L) from a higher
level sequencer. The higher level sequencer providing the
parameters to address sequencer 252 may comprise frame
sequencer 251 discussed above. Additionally or alternatively,
the higher level sequencer providing the parameters to
address sequencer 252 may comprise a sequencer disposed in
the hierarchy between frame sequencer 251 and address
sequencer 252, such as the aforementioned line sequencer.

At block 402 address sequencer 252 computes data
addresses within multi-dimensional array 261 wherein appro-
priate line information is stored. For example, address
sequencer 252 may utilize a base address, image mode infor-
mation, image zone information, image resolution informa-
tion, and/or current line information to determine an address
range of multi-dimensional array 261 in which the appropri-
ate beam forming parameters and/or additional information
for the current line may be found. According to one embodi-
ment, the foregoing address determination is made by deter-
mining an offset from the base address in a first dimension of
multi-dimensional array 261 associated with an image mode
being used, determining an offset from the base address in a
second dimension of multi-dimensional array 261 associated
with an image zone being used, determining an offset from
the base address in a third dimension of multi-dimensional
array 261 associated with a current line, and so forth. The
resulting offset address may contain the actual line informa-
tion desired and/or may contain one or more pointers to the
actual line information desired, such as where some or all of
the line information desired is stored outside of multi-dimen-
sional array 261 (e.g., elsewhere within memory 160). The
foregoing resulting offset address may comprise multiple
offset addresses, such as a first offset address associated with
beam forming parameters and a second offset address asso-
ciated with additional information for the current line.

At block 403 the appropriate information for the current
line (L) is retrieved by address sequencer 252. As discussed
above, such information may be retrieved from the address
range determined with respect to multi-dimensional array
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261 and/or may be retrieved from memory locations outside
of multi-dimensional array 261.

At block 404 address sequencer 252 provides the retrieved
line information to circuitry of ultrasound system 100 for use.
In the example described herein, the retrieved information
comprises beam forming parameters and/or additional infor-
mation used in transmission/reception of ultrasound energy
and thus may be provided to beam forming circuitry, such as
delay circuitry 132, summer circuitry 133, and/or transmit
and timing control circuitry 134. Such information may be
provided to the foregoing circuitry directly by address
sequencer 252 or may be provided indirectly to the foregoing
circuitry, such as through one or more higher level sequenc-
ers.

At block 405 address sequencer 252 reports completion of
having provided the desired information to the appropriate
circuitry to one or more higher level sequencer. For example,
address sequencer 252 may provide the foregoing report to a
line sequencer in order to notify the line sequencer that a
transmit pulse of a current line may be accomplished. There-
after, address sequencer 252 may repeat information retrieval
and providing steps for receive beam forming parameters
and/or other information and again report the conclusion of
the cycle so that a receive signal may be processed.

After block 405 of the illustrated embodiment address
sequencer 252 has completed processing with respect to the
current line and thus the flow diagram ends. However, a
higher level sequencer, such as frame sequencer 251, may
increment the current line and thus again invoke the steps of
the flow as set forth in FIG. 4.

From the above, it should be appreciated that address
sequencer 252 of the illustrated embodiment enables beam
forming parameters and/or additional information used with
respect to transmission/reception of ultrasound energy to be
stored in memory 160 very efficiently. In particular, embodi-
ments of the address sequencer provide intelligence to calcu-
late the addresses for stored blocks of data which are common
between different modes, lines, etcetera. Moreover, because
the addresses are determined on the fly according to embodi-
ments of the invention, frame rates may be improved due to it
not taking as long to move the appropriate data.

It should be appreciated that the foregoing exemplary
embodiment of operation of address sequencer 252 has been
simplified in order to aid in the understanding of the concepts
of'the present invention. Operation of an address sequencer of
embodiments of the present invention may vary significantly
from that of the illustrated embodiment. For example, an
address sequencer of embodiments of the present invention
may invoke data address computation, information retrieval,
and/or information providing steps in addition to or in the
alternative to those shown, such as to provide different beam
forming parameters and/or additional information for a trans-
mit and receive portion of the current line.

Although embodiments of an address sequencer of the
present invention have been described with respect to their
use in accessing information used for beam forming, it should
be appreciated that address sequencers of embodiments of the
present invention may be utilized to provide information
access with respect to various system operations. For
example, a processor (e.g., CPU) of signal processing/back-
end circuitry 140 may operate to move data, such as to save a
JPEG image or do various types of drawing on a video output.
An address sequencer as described herein could be applied to
such a situation to allow the processor to move image data by
providing the address sequencer with appropriate parameters,
such as an image number or type of image, and allowing the
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address sequencer to do calculations on its own in terms of
what the source and destination addresses would be and how
much data to move around.

Although the present invention and its advantages have
been described in detail, it should be understood that various
changes, substitutions and alterations can be made herein
without departing from the invention as defined by the
appended claims. Moreover, the scope of the present appli-
cation is not intended to be limited to the particular embodi-
ments of the process, machine, manufacture, composition of
matter, means, methods and steps described in the specifica-
tion. As one will readily appreciate from the disclosure, pro-
cesses, machines, manufacture, compositions of matter,
means, methods, or steps, presently existing or later to be
developed that perform substantially the same function or
achieve substantially the same result as the corresponding
embodiments described herein may be utilized. Accordingly,
the appended claims are intended to include within their
scope such processes, machines, manufacture, compositions
of matter, means, methods, or steps.

What is claimed is:

1. An ultrasound imaging system comprising:

a memory configured to store a single copy of beam form-
ing parameters for each beam that can be created by the
ultrasound system, and

a hierarchy of sequencers including a frame sequencer
configured to store parameters for a number of lines for
a frame of ultrasound data to be created and an address
sequencer configured to compute an address in the
memory where beam forming parameters for a current
line of the frame can be retrieved, wherein the frame
sequencer is configured to provide parameters for a cur-
rent line in the frame to the address sequencer and
wherein the address sequencer is configured to compute
an address in the memory for retrieving the beam form-
ing parameters for each line in the frame on a line by line
basis based on the parameters received from the frame
sequencer.

2. The system of claim 1, wherein said memory stores
information that includes information other than been form-
ing parameters.

3. The system of claim 2, wherein said information stored
in said memory comprises pointer information identifying
where the beam forming parameters which are used in creat-
ing the beams are stored.

4. The system of claim 1, wherein said frame sequencer is
initialized for use in different imaging modes by providing
parameters thereto.

5. The system of claim 1, wherein said address is deter-
mined as an offset from a base address in at least one dimen-
sion of an array in said memory.
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6. The system of claim 1, wherein said hierarchy of
sequencers are implemented in one or more application spe-
cific circuits.

7. The system of claim 1, wherein said ultrasound imaging
system comprises a portable diagnostic ultrasound instru-
ment.

8. The system of claim 1, wherein said memory stores the
beam forming parameters in at least a three dimensional
array.

9. The ultrasound system of claim 1, wherein the address
sequencer is configured to compute the address for the beam
forming parameters for the current line based on offsets to a
base address that are associated with an imaging mode, an
imaging zone and a current line in the frame of ultrasound
data to be created.

10. The ultrasound system of claim 9, further comprising
front end circuitry, configured to access the memory and
wherein the base address is a register address space of the
front end circuitry.

11. A method performed by a processor of an ultrasound
system to access beam forming parameters to be used in
ultrasound imaging system beam forming, said method com-
prising:

sending parameters for a current line to be created in a

frame of ultrasound data from a frame sequencer to an
address sequencer, wherein the parameters are indica-
tive of'a zone to be imaged and an imaging mode for the
current line, and

computing an address in the address sequencer from which

beam forming parameters are to be retrieved from a
memory that stores a single copy of the beam forming
parameters for each beam that can be created by the
ultrasound system, wherein the address sequencer com-
putes an address of the beam forming parameters for a
current line on a line-by-line basis based on one or more
of the parameters received from the frame sequencer;
and

retrieving the beam forming parameters for the current line

from the computed address.

12. The method of claim 11, wherein said memory is con-
figured as a multi-dimensional array that stores beam forming
parameters at locations that can be accessed based on at least
an image mode and an image zone.

13. The method of claim 12, further comprising retrieving
information from said multi-dimensional array that com-
prises information other than beam forming parameters.

14. The method of claim 12, further comprising retrieving
pointer information from the multi-dimensional array that
identifies where the beam forming parameters for a line are
stored.

15. The method of claim 12, wherein said multi-dimen-
sional array comprises at least a three dimensional array.
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